INTRODUCTION
The normal functioning of the human body is dependent on a number of complex physiological processes. These physiological processes, in turn, depend on various factors for their smooth functioning, appropriate nutrition being one of the essential factors that keep the physiological mechanism going. In the earlier part of the 20 th century, scientists could qualitatively detect several mineral elements in small amounts in living organisms. In these reports, these elements were described to be Journal of Advanced Oral Research / May-Aug 2016 / Vol. 7 No. 2 Macrominerals are defined as minerals that are required by adults in amounts >100 mg/day. Major (macro) minerals include sodium, potassium, chloride, calcium, magnesium, and phosphorus. Micronutrients are divided further into trace elements and ultra-trace elements. Elements that are required by the body in the range of up to 1 mg/kg body weight are known as trace elements. Ultra-trace elements are those that are required by the human body in the range less than 1 mg/kg body weight and <50 mcg/kg in laboratory animals.
The quantity of trace elements required by the body is very less. However, when a trace element is absent or is too low for the adequate activity of an essential function, it could lead to serious complications, sometimes even leading to death. The intake of trace elements should be adequate. Excessive intake of trace elements could lead to complications as well. As the intake of trace element increases, beyond the optimum required quantity, the following may occur: a. The organism survives but with suboptimal health and well-being. b. A decline in health and well-being, and finally death as regulatory mechanisms are overcome by increasing intakes that become toxic. [1, 2] Growing evidence suggests that populations of both developing and developed nations may be at risk of suboptimal micronutrient intakes owing to increased consumption of processed foods most of which rank low when assessed for their nutritional content. In such conditions, micronutrient supplementation may provide a cost-effective and safe strategy to improve the overall health of individuals.
The review plans to examine all available current evidence pertaining to the role of trace elements known to man and their effects on oral health, particularly dental caries.
MATERIALS AND METHODS
Epidemiological studies, which included descriptive and experimental studies and systematic reviews from 1952 to 2014 that showed the relationship of essential or probably essential trace elements to dental caries, were included in the current review. Studies, which were included in the review, were selected on the basis of: i. Their title and study design (if mentioned) and their abstracts.
ii. Full-text articles if possible were included in the review. The research question that was investigated in the following review was: Do trace elements -have an impact on dental caries? The trace elements included any reference to essential, non-essential, or probably essential trace elements mentioned above. 
Data selection strategy

Inclusion and exclusion criteria for studies included in the review
Inclusion and exclusion criteria for studies to be included in the review were set. Based on the data retrieved from the above-mentioned databases, the studies were first selected based on their titles, their study design, the abstract, and the keywords. Further, an attempt was made to include only those studies whose full-text articles were available. The studies were only included in the review if the following inclusion criteria were met:
Descriptive and experiment full-text studies, wherever possible, which assessed the role of trace elements and dental caries, studies that highlighted the cariostatic role of trace elements and reviews that evaluated the role of trace elements and dental caries.
However, limiting the role of trace elements to cariostatic effects only yielded very few results. Hence, the inclusion criteria were widened, and the selection process further included studies highlighting both, the cariostatic as well as the caries-promoting role of trace elements.
The exclusion criteria included studies that studied the impact of trace elements on other outcomes of oral health like -effect of trace elements on periodontal disease, studies evaluating the role of conditions such as fluorosis and trace elements. The review also excluded studies that checked for the oral health related of quality of life outcome measure, case reports, and studies; studies that included only radiographical examination of lesions; studies that included checking for the impact of trace elements on the treatment needs of a particular population, assessing the impact of educating people about trace elements; studies that included development of indices for evaluation of oral health and the impact of trace elements in it. Furthermore, studies that included checking for the effect of trace elements on high mortality groups, such as people having diabetes and hypertension, were also excluded. Studies that did not evaluate the caries outcome were not included in this review.
Quality assessment
Quality assessment was done by two independent reviewers (Head of the Department and Senior Lecturer) who assessed the quality of studies using AMSTAR, which checked if the review was based on a focused question that was adequately formulated and described. They also checked if the eligibility criteria for included and excluded studies was predefined and specified. The literature search strategy was checked to see if it involved a comprehensive, systematic approach, also the titles, abstracts, and full-text articles were dually and independently assessed for inclusion and exclusion criteria to minimize bias. The included studies were listed along with important characteristics and results of each study were analyzed by the reviewers. Disagreements if any were resolved by consensus.
RESULTS
Cariostatic elements
Molybdenum
In most of the studies done to assess the role of molybdenum and dental caries, molybdenum is found to have a cariostatic effect on teeth. In a study done on children living in Hungary, less prevalence of dental caries was noted in the area where there were traces of molybdenum found in water as compared to children from the area where there was no molybdenum in water. [3] In a study done by Hewat and Eastcott, at Napier in New Zealand, one of the more famous studies done to evaluate the role of trace elements in dental caries, it was found that children consuming vegetables grown in the soil of the raised lagoon formed because of the earthquake that had taken place at Napier, had less caries prevalence as compared to the children in the nearby town of Hastings -an area which had the same water supply as Napier. Upon investigation, it was found that the trace element composition of the soil in these areas differed considerably with soil of Napier showing a high concentration of molybdenum as opposed to the soil of the town Hastings. Thus, it proving that molybdenum has a cariostatic effect on teeth. [4] Vanadium
The role of vanadium in the development of dental caries is very uncertain. A few animal studies were done to assess the role of vanadium in the development of dental caries. It was found that vanadium given to hamsters after providing them with a cariogenic diet-irrespective of the route, oral or parenteral, gave a higher degree of protection against dental caries. Vanadium given intraperitoneally to rats reduced the incidence of dental caries. [5] However, certain studies done on monkeys show that these monkeys showed an increased incidence of dental caries when fed water containing vanadium. Hadjimarkos et al. conducted an epidemiological survey in Wyoming and gave limited support for the protective effect of vanadium on dental caries in man. [6] Fluoride
The role of fluoride in prevention of dental caries is wellknown. Fluoride prevents dental decay by increasing the resistance of the enamel, increasing the rate of post-eruptive maturation, causing remineralization of incipient lesions, interfering with plaque microorganisms, and by causing changes in the tooth morphology. [7] Certain studies have stated that fluoride ions, though cause a reduction in dental caries, when used in combination with lead ions, lead to significant reduction of dental decay by reducing the solubility of enamel. [8] [9] [10] A sustained effect of decrease in dental decay on the usage of fluoride ions has been seen. [11, 12] 
Strontium
The high content of strontium is associated with low incidence of dental caries. [9] Certain other epidemiologic studies have also indicated an incidence of low caries in case of high strontium content in man. [13] The concentration of strontium is found to be more in sound enamel as compared to carious enamel. Derise found that strontium content of teeth was significantly greater in younger than in older age groups and the strontium content of teeth gradually reduced with age. [14] Lithium Most commonly used in the treatment of bipolar disorders, lithium has been found to have an indirect relationship to dental caries. The presence of lithium is associated with a decreased incidence of dental caries. [9] Other studies done to check for the association of lithium and dental caries, also state the same correlation, i.e., lithium decreases the incidence of dental caries in man. [13] Caries-promoting elements Selenium Selenium has been found to produce structural changes in the dentin of teeth and also leads to changes in the mandibular condyles. An increase in dental caries has been found to occur in cases of selenium intake. [6, 15] Certain studies also indicate a direct relationship between susceptibility of dental caries and presence of selenium excreted in urine in children living in areas where selenium did not occur naturally. [6] Cadmium A mathematical relation stating the associating the cadmium to increased caries prevalence has been found. [16] However, there are a few studies that have been done which state that the effect of post-developmental incorporation of cadmium on teeth showed no cariespromoting effect apart from not negating the effect of previously delivered fluoride. [17] Certain studies done on rats state that there is a strong association between development of dental caries and cadmium intake during the tooth development period. [17] Lead Incorporation of lead in the body tissues such as teeth, either through the environment or ingestion of food has been found to have a caries-promoting effect. It has been found that lead ions have a direct action on bone mineral to replace calcium and phosphorus in the crystal lattice and induce a hypercalcemia and a hyperphosphatemia. [18] The incidence of enamel hypoplasia in children exposed to lead was found to higher as compared to children who were unexposed. [19] In a study done by Needleman et al., in urban and suburban American children, involvement of lead in the development of new carious lesions in deciduous teeth was found, thus reiterating the role of lead in the development of new carious lesions. [20] A positive correlation has been found between the salivary lead levels and the development of caries in children having early childhood caries. [21] Thus, lead seems to play an active part in the development of new carious lesions. [22] Manganese Manganese is associated with an increased rate of caries prevalence. [13] In studies that were conducted in Colombian villages of Heliconia and Don Matias, increased incidence of dental caries were found in man in areas where manganese content was more; thus, highlighting the caries-promoting role of manganese. [23] Watanabe et al. found that the level of Mn in the sound and carious teeth was similar with or without treatment. They also found that the level of Mn depended on the age and sex of the individuals with young boys showing higher levels of Mn in their teeth. [24] Copper Copper has been identified as a caries-promoting agent. [13, 16] Higher levels of copper have been found in carious teeth as compared to sound teeth. An increased caries prevalence has been found to be associated with the presence of copper in water, food, soil, or vegetables. [25] Furthermore, certain studies say that the presence of copper cannot be attributed to the development of any developmental anomaly of tooth. [26] A few studies found the levels of copper to be more in males when compared to females. [16] In a study by Shetty and Kumara, copper was found to reduce the acidogenicity of plaque. However, no correlation between the development of dental caries, and the presence of copper in the enamel was established in few epidemiological studies. [26] [27] [28] 
Zinc
The role of zinc in the development of dental caries is controversial. In a study analyzing the presence of trace elements in children belonging to different ethnicities, zinc levels were found to be higher in children who showed the presence of carious lesions. [29] Zinc concentrations were also found to be higher in the enamel of carious deciduous teeth. [16] However, in a study conducted by Ückardes et al., the presence of zinc in saliva was shown to reduce the development of dental caries. [30] Zahir reported that zinc concentration of saliva showed highly significant variation between non-caries and multiple caries groups in children. [31] Zinc, thus, has shown to play a part in the development of dental caries (Table 1 ). [31, 32] 
DISCUSSION
The tooth structure is formed of the enamel, dentine, and the cementum. Enamel is an epithelially-derived The effects of fluoride on the percentage bacterial composition of dental plaque, on caries incidence, and on the in vitro growth of S. mutans, Actinomyces viscosus, and Actinobacillus sp.
Beichton and McDougall
To assess if administration of fluoride in the form of NaF in drinking water reduced the incidence of dental caries and also the percentage of S. mutans, but it increased the percentage of Actinobacillus sp. in plaque flora
Incidence of caries decreased in cases where fluoride was added to water NaF concentrations of >5 g/ml inhibited acid production from mixed cultures of the Actinobacillus sp. and S. mutans
Influence of post-developmental cadmium on caries and cariostatic by fluoride
Shearer et al.
To establish the effect of cadmium in the development of carious lesions during the developmental and the post-developmental period of teeth
The concentration of cadmium in teeth is not predictive of cadmium-induced caries and that the critical period for caries promotion by cadmium may be during the developmental rather than the post-developmental period of tooth formation. However, during the post-developmental period, cadmium is found to be caries-promoting agent Exposure to metal ions and susceptibility to dental caries
Bowen
To assess the role of lead in the development of dental caries in relation to other trace elements such as selenium, molybdenum, vanadium, strontium, and molybdenum
Lead enhances the development of dental caries
Relationship between nutritional intake and dental caries experience of junior high students To study the etiology of dental caries in Papua and New Guinea
There is an inverse association between development of dental caries and presence of elements such as strontium, barium, potassium, calcium, and lithium. A direct association was found between presence of chromium, zinc, selenium, lead, and copper with the development of new carious lesions Relationships of trace elements in human tooth enamel to dental caries
Curzon and Crocker
To check for association of trace elements to dental caries Negative association between development of dental caries and presence of fluoride, strontium, and iron was seen. Manganese, copper, and cadmium showed a positive relation with development of new carious lesions The association of tooth lead content with dental health factors Gil et al.
To determine relationship of lead content in tooth with prevalence of dental caries, plaque, saliva, levels of SL and MS, degree of dental abrasion, tooth color, and tooth-brushing frequency
Lead was found to be significantly associated with dental plaque, dental abrasion, and tooth color. Presence of SL, MS was also found to be greater in the presence of lead 
MEJ Curzon
To assess any change in caries prevalence over a period of 10-year in areas receiving water supply with the presence of strontium in it A decrease in caries prevalence is associated with the presence of strontium in drinking water. (as found in the study, mean DMFS over 10 years decreased from 3.23 to 1.77)
A study of the relationship between trace elements in saliva and dental caries in children
Duggal et al.
To examine any correlation between five trace elements in saliva and dental caries status of children Zn did not show any relation with the development of dental caries Cu decreased the acid production by oral microflora thereby causing a decrease in dental decay Fe was present in higher amounts in the moderate caries group, but it was lower in the higher and lower caries group. Similar results were obtained for Mn. F was shown to be associated with low dental caries Studies on the effect of metallic salts on acid production in saliva
Forbes and Smith
To examine the effect of marked inhibitory action of metallic salts of Cu and Ni on the acid production by saliva containing glucose/ sucrose Copper, nickel, gold, silver, and mercury salts inhibit acid production. Salts of other metals, such as manganese, magnesium, and cobalt, do not show any marked activity on acid production
The effect of trace elements on the growth and fermentation by oral streptococci and actinomyces To estimate the concentrations of six trace elements in the enamel of deciduous carious and normal teeth Strontium levels were found to be higher in sound teeth. Carious enamel showed higher concentrations of barium, copper and zinc Lead exposure and its relation to dental caries in children
Pradeep
Kumar and Hegde
To find out the correlation between lead levels in enamel, saliva and dental caries in children
The presence of lead showed a positive correlation with development of dental caries. Significant lead levels were found in the enamel and the salivary levels in children with dental caries Mn and Cu concentrations in mixed saliva of elementary school children in relation to sex, age, and dental caries Watanabe et al.
To examine the standard Mn and Cu concentrations in mixed saliva from children and the relationship between these levels and dental caries Cu levels were found to be higher in children having caries. Mn levels were, however, found to be similar with or without caries and treatment (Contd...) outermost protective covering for teeth. Fully-formed enamel is the most highly mineralized extracellular matrix known, consisting of approximately 96% minerals and 4% organic material and water. The inorganic content of enamel is a crystalline calcium phosphate (HAP) substituted with carbonate ions, which is also found in bone, calcified cartilage, dentin, and cementum. [33] Various ions such as strontium, magnesium, lead, and fluoride, if present during enamel formation, may be incorporated into the crystals. Curzon has noted that zinc and calcium show promise as antiplaque agents, whereas strontium and zinc may enhance remineralization of enamel. There are indications that aluminum salts that do not form complexes can be considered cariostatic. In vitro studies have found aluminum salts equivalent to stannous fluoride in preventing acid dissolution. [34] [35] [36] [37] Enamel resistance is found to increase on combination with two or more cariostatic elements together. It is recommended that further studies compare trace element levels in sound and carious enamel of primary and permanent teeth be carried out, using large samples and covering different geographic areas. [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] Since the diet of individuals the world over has undergone considerable change due to changing food habits, intake of certain cariostatic trace elements can aid in curbing the progress of dental caries developed due to the intake of 
Title of study Authors Objectives Results
Serum copper levels in dental caries patient: A case-control study.
Shetty and Kumara
To assess the serum copper level in patient's having dental caries in comparison to non-carious healthy individuals A low amount of serum copper level was found in dental caries patients when compared to healthy individuals. Furthermore, it was found that serum copper level is influenced by age, acute phase reaction, pregnancy, anemia, and medications Salivary trace elements in relation to dental caries in a group of multi-ethnic school children in Shah Alam, Malaysia Hussein et al.
To assess the salivary levels of copper (Cu), Zinc (Zn), manganese (Mn), and iron (Fe) obtained from children of different ethnic backgrounds Levels of Cu and Zn were found to be higher in children showing dental caries. Significant differences were observed between Zn and Fe levels depending on age groups, and highly significant differences were found between Cu, Mn, and Fe in children belonging to different ethnicities The effect of systemic zinc supplementation on oral health in low socioeconomic level children Ückardes et al.
To determine the effect of oral zinc supplementation on oral health in low socioeconomic level primary school children No difference in the DMFT, DMFS, dmft, and dmfs scores of patients was found. However, significant improvement in the gingival index was noted post-Zn supplementation Concentrations of selected elements in permanent teeth and enamel among a group of adolescent girls in relation to severity of caries
Al-Jorrani and El-Sammarai
To determine the concentration of selected trace elements (ferrous iron, nickel, chromium, and aluminum) in permanent teeth and enamel among a group of adolescent girls in relation to severity of dental caries Ca and P are found to play an important role in the mineralization of the tooth structure Estimation of trace elements in sound and carious enamel of primary and permanent teeth by atomic absorption spectrophotometry: An in vitro study Shashikiran et al.
To estimate and compare the trace element concentrations in sound and carious enamel of primary and permanent teeth
The concentrations of F, Sr, and K were significantly (P<0.05) higher in sound enamel of permanent teeth than in sound enamel of primary teeth. The concentrations of F, Sr, K, Al, and Fe were significantly (P<0.05) higher in sound enamel of permanent teeth than in carious enamel of permanent teeth. The concentrations of F, K, and Si were significantly (P<0.05) higher in sound enamel of primary teeth than in carious enamel of primary teeth Salivary sodium and potassium in relation to dental caries in a group of multiracial school children Benghsheer et al.
To assess the levels of sodium and potassium in a sample of unstimulated saliva of children Sodium levels were found to be higher in children having dental caries. Ethnicities of individuals affected the level of trace elements in the saliva S. mutans: Streptococcus mutans, SL: Salivaris lactobacilli, MS: Mutans streptococci, NaF: Sodium fluoride Journal of Advanced Oral Research / May-Aug 2016 / Vol. 7 No. 2 processed foods. Furthermore, optimum quantities and ratios of trace elements to be consumed and need to be formulated for maintenance of good oral health.
CONCLUSION
Trace elements though required in very minute quantities are very essential for proper functioning of the body. Further research is required in the field of trace elements and their impact on oral health so that greater benefits can be achieved by proper utilization of these trace elements and good oral health can be maintained.
